An Estimation of Velocity Correlation Coefficients in Ternary Electrolytes by Chakrabarti, Haimanti & Sil, Shreekantha
Indian J. Phys. 69A  (1), 133 -  139 (1995)
I J P  A
— an international journal
An estim ation  o f v e locity  correlation coefficients in tern ary  e lec  
trolytes
H aim anti C h ak rab arti and  S hreekan tha Sil
S ah a  In s ti tu te  of N uclear Physics
Sector 1, B lock-A F, B id h annagar, C alcu tta- 700 064
A b s t r a c t :  T h is  work gives an dstim ate  of the  velocity correlation  
coefficients for te rn a ry  electro ly te  solutions ( th e  system  m ay have 
tra c e r  ion as any one of th e  com ponen t), o rig inating  from  th e  
lin ear response theo ry  utiliz ing  th e  m easured  tra n sp o rt coefficients 
in o rder to  get a  deeper insight in to  th e  m icrodynam ic s tru c tu re  
of th e  solu tion . A ssum ing O nsager’s rela tion  to  be valid we ob ta in  
ten  sets o f velocity correlation  coefficients for Cs ion tran sp o rtin g  
in aqueous solution of CsCl and  KC1.
K e y  w o rd s :  Velocity correlation  coefficient, T ernary  electro ly te , 
Diffusion Coefficient, R adioactive tracer.
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Introduction
T he velocity co rre la tion  form alism  evoked from  th e  linear response th e ­
ory is of g rea t im p o rtan ce  for envisaging th e  m olecular m otion  and  th e  
particle-particle in te rac tio n  in e lectro ly te  so lu tions, specially  in  concen tra ted  
solutions (few ten th  m olar or h igher th an  th a t)  w here O nsager’s theory  and  
its extensions fails to  give real physical p ic tu re . E ssentially  th e  works of 
McCall and D ouglass [1] and  D ouglass and Firsch' [2] which showed first 
how m u tu a l an d  self diffusion d a ta  can be in te rp re ted  in  term s of in teg ral 
over velocity self co rre la tion  functions and  velocity cross corre la tion  func­
tions. Since th e n  th e  field has been exercised w ith  g rea t ingenuity , b u t m ost
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of these  works deal w ith b inary  system s and  even if  w ith  m ulticom ponen t 
system s no bridge was m ade to  cover th e  difference o f th e  fram es for the 
fluxes in th e  linear response theory  and  in  th e  m easu rem en t of th e  tran s­
p o rt coefficients. In  th is connection it  is w orthy  to  m en tio n  th a t  in  linear 
response theory  the  system  stud ied  is in equ ilib rium : th e  m o m en tu m  ex­
change w ith th e  boundaries is zero and  so the  b a ry cen tric  reference fram e is 
the  n a tu ra l choice; w hereas, in lab o ra to ry  ex p erim en ts th e  b o u n d a rie s  of the 
system  studied exchange m om entum  w ith  the  so lu tion  an d  th is  dep en d s on 
the  design of th e  experim ental set up. It is th e  p ioneering  w ork o f Schbnert
[3] which first delt w ith  th e  problem  of co rre la tin g  th e  fram es of references. 
He replaced the  barycen tric  reference fram e by the  so lven t fixed fram e  of ref­
erence which takes in to  account of th e  ex p e rim en ta l b o u n d a ry  conditions. 
However, th a t  work was also restric ted  to  th e  case of b in a ry  so lu tio n , with 
th e  b eau ty  of in co rporating  th e  concept of in tra -( tra c e r )  diffusion in to  the 
irreversible therm odynam ics to regain the  K ubo  re la tio n s. So th e  work does 
not give directly  an estim a te  of th e  velocity co rre la tio n  coefficients for more 
general situa tion  of (i) lim iting  diffusion of th ird  species in  a  supporting  
electro lyte solution, (e.g. T racer A in the  so lu tion  of B C ) or ( « )  any  of the 
te rn ary  (m ix tu re  of two b inary  e lectro ly te  having  one com m on constituen t 
or any electro lyte which dissociates in to  th ree  d ifferen t ionic species in so­
lu tion. In th is work we are giving an e s tim a tio n  o f th e  velocity  correlation 
coefficients for any of th e  aforem entioned te rn a ry  sy stem s in  te rm s  of the 
experim entally  m easurab le tran sp o rt coefficients. T h e  g en era l m orphology 
is based on two works - one from  Schonert [3] an d  th e  o th e r  from  M iller [4]. 
Besides our a tte m p tt the  work of R aineri an d  T im m erm an  [5] also  deals with 
the  V C C ’s in te rn a ry  electro ly tes b u t th e  eq u a tio n s th e re  need  to  rew ritten  
in  term s of experim ental quan titie s  to be useful w hich is r a th e r  com picated.
T h e o r e t ic a l :
O ur system s consists of th ree  different so lu te  co m p o n en ts  i =  1)2,3 
(any one am ong these  m ay be the  iso tope  of e ith e r  o f th e  tw o) dissolved in
the sam e so lvent, i =  0. T h e  en tropy  p ro d u ctio n  a ol th is  so lu tion  in  th e  
isotherm al isobaric  cond ition  is given by
3
To  =  £ ( 7 ')w * . ( ! )
i=0
where w designates th e  velocity of th e  reference. T h e  (Ji)w and  X ; a re  th e  
corresponding fluxes and  forces of th e  tth  com ponent. For exam ple  in  th e  
solvent fixed reference fram e
3
Ta  =  ^ ( J , ) 0X j [because (J0)o =  0] (2)
i
and in th e  b ary cen tric  reference fram e
3 v
To  =  (3)
i= 0
where v is th e  velocity of th e  solvent. As the  fluxes (./*)<,) of th e  solute  
constituents a re  referred  to  th e  velocity of th e  solvent, th e  phenom enological 
transport equ a tio n s of th e  irreversib le  th erm o d y n am ics w hich describe our 
system for a  flow linear along th e  space co-ord inate  x  are
(Ji)o = ' t L^ X k (t =  1 ,2 ,3 )
k =  1
Q
with X k =  +  zkF<t>)
or, in m a tr ix  n o ta tio n ,
An estimation of velocity correlation coefficients in ternary electrolytes. 135
J0 =  L X  (4)
where L{k a re  th e  phenom enological coefficients c o n s titu tin g  L , &re th e  
chemical p o ten tia l, zk a re  th e  signed charge nu m b er o f th e  co n s titu en ts  k , 
F is the  F arad ay  co n stan t an d  <(> is th e  e lectrical p o ten tia l.T h e  phenom eno­
logical coefficients Lik obey  th e  O nsager’s rec ip roc ity  re la tio n s. T h ese  co­
efficients can be re la ted  to  th e  conventionally  used  tra n s p o r t  coefficient:
th e  conductance A, the  transferance num bers U an d  th e  so lven t fixed th e r­
m odynam ic diffusion coefficients and  th e  volum e fixed interdiffusion 
coefficients D,*.
Now, as we consider the  case from  th e  view  p o in t o f th e  lin ea r  response 
theory, th e  reference velocity is the  velocity  of th e  cen te r  o f m ass , w = v  and 
as the to ta l mass flow is zero
(J0)v ~ “ 77" (5)
m °  .= i
\
Again from G ibbs-D uhem  equation  we have
3
£ C , - * ;  =  0 (6)
i=0
Now elim inating  (J„)v and (A ,,) from  eq u a tio n  (3) an d  we rew rite  th e  en- 
tropy p roduction  equation  in the  b arycen tric  fram e as
T o  = j z W . Y i  . (7)
1=1
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where Yi =  is th e  force c o n ju g a te  to  th e  flow
W ith  th is the  tran sp o rt coefficient m a tr ix  in  th e  b a ry cen tr ic  reference  frame 
comes to  be,
ft =  Pt L@ (w here ik th  elem ent of /? is =  $,•* +
Knowing the  ft m atrix , the  norm alised velocity  co rre la tio n  coefficient / , ; 
can be calculated  using th e  rela tion
/ o  = <  v,o ( 0 ) .u ^ ( t )  >  dt
(*'»>
RTSljj _ DfSij
C{ C j C{
0 ,1 ,2 ,3 ) ( 8 )
where, f t tJ is the  tran sp o rt coefficient m a tr ix  e lem en t of i th  row  j t h  colum n in 
the  barycentric  reference fram e, D* is th e  in tra (tra c e r)-d iffu s io n  coefficient, 
( here th e  concept of th e  labelled co n stitu en ts  has been  in tro d u c e d  in to  the 
form alism  of irreversib le th erm o d y n am ics), V is vo lum e o f all th e  ensemble, 
is the  velocity of ath p a rtic le  of th e  ith species in  th e  b a ry c e n tr ic  frame 
of reference, R is th e  universal gas co n stan t, N0 is th e  A v ag ad ro  N um ber.
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Experimental
T he 134Cs ( trace r)  diffusion coefficient for the  CsCl  and KCl  aqueous 
solution have been m easured  in our lab o ra to ry  over th e  co ncen tra tion  range 
(J.009 to  10.OM [6] and 0.001 to  4.0M [7] respectively. T hese diffusion d a ta  
coupled w ith  th e  o th er tra n sp o rt  d a ta  existing  in the  lite ra tu re  are  u tiised  to
calculate th e  velocity coefficients for each system  u p to  co n cen tra tio n  4.0M
to the get profile of th e  concen tra tion  dependence of th e  V C C s. T h e
Concentration / Mol. dm"3 
F ig .l C on cen tration  d ep en d en ce o f th e  ve- 
locity correla tion  co effic ien ts w hen 1MCs 
transporting in  aq ueous so lu tio n  o f  C sC l.
diffusion coefficients are 
m easured  in our lab o ­
ra to ry  by a  rad ioactive  
tra ce r  techn ique  u til­
ising th e  sliding cell 
m echanism . T h e  details 
a re  given in an earlier 
work [6]. T h e  concen­
tra tio n  dependence of 
th e  ten  sets of calcu­
la ted  V C C for each sys­
tem  have been  shown 
in fig .l and  fig.2. T h e  
curves were ex tended  
to  m eet the  diffusion 
coefficient axis. Now 
we endeaver to  in te r­
p re t th e  tre n d  exh ib ited  
in th e  concen tra tion  de­
pendence of V C C on
a m icrodynam ical level. T h e  velocity correlation  coefficients for th e  ions 
having sam e ty p e  of charge ( / u  , / 2 2 , / 3 3 , / i 2 ) go th ro u g h  a  m in im a as con­
centration of th e  e lec tro ly te  increases. A t h igher concen tra tions w here are 
the fluidity is sm all all m otional processes are  dam p ed  ou t rap id ly  and so 
integrals over th e  tim e  corre la tion  functions will b e  sm aller. Velocity cor­
relation coefficients for ions having  op p o site  ty p es of charges / 1 3 , / 2 3 , have 
a marked assy m etry  in  th e  b eh av iou r. T h e  m ost in te restin g  is th e  concen­
tration dependence of th e  w ater-w ater coefficient. I t  has th e  com pletely
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opposite profile in the two system s. T he experim ental d a ta  is in accordanc 
w ith th e  d istorted  hydrogen bond m odel of liquid w ater.
One inference can be 
drawn from an evalua­
tion o f the  pertien t ex­
perim ental d a ta  is th a t  
the  electrical current 
fluctuations in high con­
centrations of the  elec­
tro ly te  solutions con­
sidered here are such 
th a t, if an instateneous 
fluctuation is for in­
stance produced by the 
m otion of the  positive 
charges then this fluctu­
ation does not decay by 
a reversal of this pos­
itive current together 
with the superposition 
of a flow of negetive 
charge in the  direction
F ig .2 C o n c e n tra tio n  d e p e n d e n c e  o f  t h e  ve­
lo c ity  c o rre la tio n  co effic ien ts  w h e n  134Cs 
t r a n s p o r t in g  in a q u e o u s  s o lu t io n  o f  KC1.
of original positive current fluctuation , ra th e r, th e  positive curren t flows 
alm ost completely back.
A detailed picture of the  microscpic in te rac tions betw een pa irs  of ions 
can be built up from the  consideration of these  velocity  corre la tion  coeffi­
cients. It can be shown also how self diffusion and  co n ductiv ity  behaviour of 
electrolyte solution would be affected by these  ionic in te rac tio n s . However 
we shall defer this m ore detailed analysis un til a  la te r  p ap e r.
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